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494a Tuesday, February 28, 2012vesicles were analyzed with Tryptophan Fluorescence Spectroscopy to measure
the position of the minimal sensor with respect to the membrane, which shows
the switch behavior between high and low temperature of the minimal sensor.
[1] Cybulski LE, Martin M, Mansilla MC, Fernandez A, de Mendoza D. Mem-
brane thickness cue for cold sensing in a bacterium. Curr. Biol. 2010
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The Bacillus subtilis histidine kinase DesK is a 5 transmembrane stretches-
thermosensor suited to remodel membrane fluidity when temperature drops be-
low 30 oC. We have recently designed a hybrid nanosensor with one transmem-
brane domain which is 5 times smaller than the parental protein. This
chimerical protein fully retains, in vivo and in vitro, the sensing properties of
the parental system and was called Minimal Sensor-DesK (MS-DesK). A recent
paper (1) provides evidence that this perfectly simplified system could serve as
a model to study a complex biological phenomena. Thus the MS-DesK is used
here to study the conversion of a physical stimulus into a biological response
that involves a change in the signaling transduction state.
The N-terminus of TMS1 contains three hydrophilic aminoacids near the
lipid-water interface creating an instability hot spot. We show that this
boundary-sensitive motif controls the sensing and transmission activity by
mutagenesis and in vitro reconstitution experiments. Accordingly, we hy-
pothesize that membrane thickness is the temperature agent that determines
the signaling state of the cold sensor by dictating the hydration level of the
meta-stable hydrophilic spot. Tryptophan-labeled peptides corresponding to
the sensor (functional and non-functional) transmembrane domain were syn-
thesized and incorporated into membrane vesicles. Fluorescence spectros-
copy and Circular Dichroism data of the peptides incorporated in
liposomes of varying fatty acid chain length and different melting tempera-
tures is presented.
[1] Cybulski LE, Martin M, Mansilla MC, Fernandez A, de Mendoza D. Mem-
brane thickness cue for cold sensing in a bacterium. Curr Biol. 20: 1539-1544,
2010
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Apolipoprotein A-I (apoA-I) is a major protein constituent of high density lipo-
protein (HDL) which plays a prominent role in reverse cholesterol transport as
well as other functions of HDL. Oxidative stress in many inflammatory condi-
tions leads to peroxidation of phospholipids resulting in the formation of oxi-
dized HDL particles. Effect of oxidized phospholipids on the properties of
HDL is not well characterized. In this study we have characterized the effect
of oxidized phospholipids on the properties of reconstituted HDL particles. Re-
constituted HDL particles containing varying amount of oxidized-PAPC were
prepared by cholate dialysis method and purified using gel filtration chromatog-
raphy. Purified rHDL particles were used for characterization. Our results indi-
cate that presence of oxidized-PAPC not only modifies the lipidic environment
of HDL particles but also drastically alters the secondary structure and stability
of bound apoA-I and induces significant change in global conformation as well
as orientation of bound apoA-I. We acknowledge financial support from
NIPER, S.A.S. Nagar, India.
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PTEN (Phosphatase and Tensin Homolog) antagonizes the PI3K signaling
pathway by dephosphorylating PI(3,4,5)P3 at the inositol C-3, thus suppressing
cell proliferation. PI(4,5)P2, the product of dephosphorylation, activates this
enzyme, possibly by binding to the N terminal region of PTEN (not visible
in the crystal structure). A distinct hydrophobic pocket near the active site
has also been identified (by MD simulations). We have used 31P NMR as
a probe of the spatial location and functional role of these potential phospho-
lipid binding sites. At 242.7 MHz, the linewidths of phosphodiester resonances
of phosphoinositides that bind exclusively to the active site (PI, PI(4)P) arebroadened consistent with intermediate exchange. Estimated linewidths for
the bound activator PI(4,5)P2 are smaller. Other amphiphiles can also be af-
fected by PTEN in a specific fashion, for example, diC7PC which is used as
a matrix in assays. This ligand is likely to bind in the hydrophobic pocket iden-
tified by simulations. 31P high resolution field cycling NMR, with PTEN spin-
labeled on the active site cysteine, was used to determine the distance between
the unpaired electron and the phosphorus nuclei of the different bound lipids.
Results of these relaxation studies indicate there are discrete sites for both sub-
strate and activator lipids that are also separate from the region occupied by
nonspecific lipids such as diC7PC (or a nonionic detergent such as Triton
X-100). The distances derived are used to propose a model of PTEN regulation
by the activator and matrix lipids.
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Osh4 is an oxysterol binding protein (OSBP) homologue found in yeast that has
been implicated in the intracellular transport of sterols between membranes. It
has been proposed that Osh4 acts as a lipid transport protein, capable of trans-
ferring a single sterol residue from the endoplasmic reticulum to the plasma
membrane. Phosphoinositides (PIPs) are thought to bind to Osh4’s surface
and play a key role in this proteins functionality.
Blind docking techniques were used to probe the Osh4 surface and identify po-
tential binding conformations. Model ligand compounds for phosphatidylcho-
line (PC), phosphatidylserine (PS), and two PIP [PI(4,5)P2 and PI(3,4,5)P3]
head groups were docked against several conformational snapshots of the
Osh4 proteins surface to determine possible regions favorable to interactions
with membrane lipids. The PIP models frequently docked to a lysine-rich re-
gion on an exposed portion of the proteins b-barrel (b-crease region).
This surface, along with the front and distal binding surfaces proposed from ex-
perimental cross-linking studies, were aligned with the surface of model mem-
branes. Three model membranes were used containing: 1. PC/PE lipids, 2. PC/
PE lipids with one PI(4,5)P2 residue per leaflet, and 3. PS and PI(4,5)P2 lipids
in addition to PC/PE lipids. Systems were simulated using molecular dynamics
for hundreds of nanoseconds. The Osh4 protein bound to the membrane in all
cases where acidic residues were present in the membrane. The Osh4 protein
did not bind to the membrane with only PC/PE lipids over the course of
~1ms of MD simulation. Additionally, the bound membrane/protein conforma-
tion was largely the same regardless of the starting orientation of Osh4. This
conformation featured charge-charge interactions between the protein and the
membrane on several surface loops surrounding the b-crease region, and was
stabilized by penetration of a surface phenylalanine into the membranes hydro-
phobic core.
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Mitochondria-specific cardiolipin (CL) is mostly confined to the site of its bio-
synthesis, the inner mitochondrial membrane. Some CL remodeling occurs in
the ER and thus implies the necessity of CL trafficking across mitochondrial
membranes. The involved mechanisms are unknown. However, we have re-
cently identified mitochondrial nucleoside diphosphate kinase (NDPK-D) to
be capable in vitro to simultaneously bind two CL-containing membranes
and to facilitate transfer of model lipids between them. This property relies
on the symmetrical hexameric structure of NDPK-D which exposes positively
charged residues that bind with high affinity to anionic phospholipids, in
particular CL. In this work, we have studied the role of NDPK-D for mitochon-
drial membrane asymmetry in vivo. We used Hela cells that are devoid of
immuno-detectable amounts of NDPK-D to stably express wild-type and
membrane-binding incompetent mutant forms NDPK-D. Analysis of purified
mitochondrial inner and outer membranes by electro-spray ionization mass
spectrometry revealed that the presence of NDPK-D wild-type, but not of
membrane-binding incompetent mutant, leads to a partial collapse of CL asym-
metry. These changes are CL-specific as the distribution of phosphatidylcholine
remains unchanged in both HeLa cell lines. The pattern of different CL species
Tuesday, February 28, 2012 495ain the membranes is also similar in both cases. We conclude that NDPK-D is
a part of machinery that is involved in CL trafficking within mitochondria.
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The immune system recognizes a vast array of chemical signatures as antigens
although historically most research has focused more exclusively on protein/
protein recognition. More recently it has been appreciated that lipids can
also be a potent stimulus for an immune response, both in the context of
lipid-presenting molecules (CD1), and as a component of the cell’s plasma
membrane(phosphatidylserine receptors). We are studying the molecular
mechanisms by which a family of 3 unique phosphatidylserine receptors
(Tim family) can directly recognize ‘‘out of context’’ components of the lipid
membrane and how this recognition process then stimulates an appropriate im-
mune response. In these results we have employed a variety of biophysical
techniques to elucidate the molecular details of how the Tims recognize immu-
nogenic cellular membranes. Specifically, we are investigating protein orienta-
tion and depth of membrane insertion via x-ray reflectometry measurements in
combination with advanced analysis techniques to utilize existing protein crys-
tal structure information for improved fitting refinement. Additionally, fluores-
cence spectroscopy is employed to explore both strength of binding and
specificity with respect to membrane composition.
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DesK is a protein responsible for the regulation of membrane fluidity in Bacilus
subtilis. In the present study Molecular Dynamics (MD) simulations are used to
explore the details of the molecular mechanism by which DesK is capable of
sensing changes in membrane properties in response to variations in tempera-
ture. This study was prompted by the development of a DesK minimal sensor
(DesK-MS) that captures the two functions of this protein: the sensing of an en-
vironmental signal and the transduction of this signal through the membrane to
the cytoplasmic side of the cell [1]. Structurally, the DesK-MS has a single
transmembrane (TM) helix, in contrast with the five TM helices of the complete
DesK protein. Multiple mutants based on the TM part of DesK-MS have been
reported, suggesting that DesK is sensitive to changes in membrane thickness
as a result of changes in temperature. In our study we have used model peptides
representing the TM part of the DesK-MS, both the wild type and some of its
mutants. These peptides were embedded into various model bilayers and the
MD simulations performed at different temperatures. The behavior of model
peptides in response to the changes in thickness of the bilayer due to variations
in temperature was observed and characterized by its motion, interfacial posi-
tioning and tilt and rotation angles.
[1] Cybulski, L.E., et.al., Membrane thickness cue for cold sensing in bacte-
rium, Curr. Biology (2010) 20:7
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In vitro studies of antimicrobial peptides have largely focused on simple two-
component vesicle systems consisting of two miscible lipids. However, real
membranes are vastly more complex. In this study, we investigate the in vitro
interaction between antimicrobial peptides and non-homogenous, cholesterol-
containing model membranes with fluorescence-based and other biophysical
assays. Phase mappings of ternary and binary mixtures of 1,2-dioleoyl-sn-glyc-
ero-3-phosphocholine (DOPC), 1,2-dipalmitoyol-sn-glycero-3-phosphocholine
(DPPC), and cholesterol have shown that separate phasal domains can exist in
liposomes at a broad range of lipid compositions. The ability of these domains
to form liquid-liquid coexisting phases, particularly liquid-disordered (ld)-liq-
uid-ordered (lo) regions sometimes referred to as membrane ‘‘rafts’’, raises
the question of their stability or integrity in relation to similar cholesterol con-
taining membranes. We therefore have studied the interactions of these mem-
branes in response to antimicrobial peptide attack, using a series of
antimicrobial peptides specifically chosen to disrupt membranes by a variety
of mechanisms. We have found that liposomes containing these raft domainsdisplay far greater membrane disruption than similar homogenous model mem-
branes containing equal mole percentages of cholesterol. Pyrene-PC transloca-
tion assays demonstrate an increased susceptibility of these raft-like
membranes to form toroidal-pore-like structures in the bilayer. Binding param-
eters obtained from isothermal titration calorimetry measurements and circular
dichroism spectroscopy indicate that preferential peptide-lipid binding interac-
tions alone are not responsible for the differences in membrane disruption.
These combined results indicate that an increase in local peptide concentration
as a consequence of the peptide partitioning preferentially to ld domains allows
for increased antimicrobial activity by pore formation or fragmentation of the
membrane.
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Phosphoinositol 4-phosphate adaptor protein-2 (FAPP2) transports glucosylcer-
amide from its cytosol-facing, synthetic site in the cis-Golgi, enabling conver-
sion into complex glycosphingolipids. Glucosylceramide transfer occurs via the
FAPP2 C-terminal region which shares moderate sequence homology with hu-
man glycolipid transfer protein (GLTP), a unique conformational fold that de-
fines the GLTP superfamily. Herein, GLTP-fold formation by FAPP2-GLTP, its
transfer specificity for glycolipids, and its biophysical properties have been in-
vestigated. Tryptophan fluorescence emission of FAPP2 was maximal (lmax)
at ~352 nm. Interaction with membranes lacking glycolipid triggered significant
decreases in tryptophan emission intensity but almost no change in lmax. How-
ever, intensity decreases were larger and exhibited substantial lmax blue shift
(~14 nm) when membranes contained glycolipid, enabling estimation of glyco-
lipid binding affinities. Far UV circular dichroism (CD) showed features consis-
tent with a GLTP-fold, i.e. secondary structure dominated by alpha-helices and
a highly cooperative, thermally-induced unfolding transition of ~41C.
Environmentally-induced optical activity of Trp/Tyr/Phe (2:6:11) measured
by near-UV-CD revealed changes in the presence of bilayer vesicles either lack-
ing or containing GalCer. FAPP2-GLTP transferred not only glucosylceramide,
but also other uncharged GSLs and displayed glycolipid specificity more
closely resembling fungal HET-C2 GLTP than human GLTP. The data are dis-
cussed within the context of GLTP-fold in vivo functionality, i.e., glucosylcer-
amide sensing, presentation, and intermembrane trafficking.
[Support: NIH/NIGMS GM45928 & GM34847, NIH/NCI CA121493, Russian
Foundation for Basic Research 09-04-00313; Abby Rockefeller Mauze´ Trust,
and the Dewitt Wallace, Maloris, Mayo, and Hormel Foundations]
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Real-time monitoring of lipid transfer between membranes can be achieved
with fluorescence-based approaches. Ideally, the fluorophore probe should
have a high extinction coefficient, quantum yield, and photostability. We pre-
viously showed the usefulness of 4,4-difluoro-1,3,5,7-tetramethyl-4-bora-
3a,4a-diaza-s-indacene-8-yl (Me4-BODIPY-8) fluorophore as a lipid-probe
for overcoming deficiencies of other probes [1,2]. Here, we have expanded
our evaluation of Me4-BODIPY-8 sphingolipids and glycerolipids by using
rhodamine 101-diglyceride (Rh101-DG), rhodamine B-diglyceride (RhB-
DG), and C18-tetramethylindocarbocyanine-5,5’-disulfonic acid (C18-diI) as
energy acceptors during resonance energy transfer (RET). Each RET system
was assessed for sensitivity and accuracy of time-dependent, glycolipid inter-
vesicular transfer by human glycolipid transfer protein (GLTP). Me4-BOD-
IPY-8-PC served as negative control for GLTP specificity. A long linker
chain for attaching Me4-BODIPY-8 was essential for maintaining low sponta-
neous transfer of Me4-BODIPY-8 lipids. Use of Rh-B-DG, Rh-101-DG and
C18-DiI also minimized spontaneous transfer compared to RhB-PE and
avoided the self-quenching observed when DPH-PC was used as energy donor
in the RET system. Our results show that tetramethyl-BODIPY-based energy
transfer approaches provide increased sensitivity over previous lipid transfer
